Abstract The indirect association of childhood abuse with prevalent hypertension in adulthood through sleep disturbance and pro-inflammatory biomarkers was investigated in 589 community-dwelling, middle-aged adults. Participants completed the Childhood Trauma Questionnaire and self-reported current sleep disturbance and medical diagnoses including hypertension. Blood pressure was taken and blood samples were analyzed for C-reactive protein, interleukin-6, and fibrinogen. Hypertension was present in 41.3 % of the sample. In the full multiple mediation model, tested using structural equation modeling, all hypothesized pathways were significant (p's \ 0.05). Childhood abuse was significantly related to both body mass index and sleep disturbance, which, both in turn, were significantly associated with inflammation, which was subsequently associated with hypertension status. The model demonstrated good fit [v 2 (122) = 352.0, p \ 0.001, CFI = 0.918, RMSEA = 0.057] and the indirect effect of all mediators was significant (indirect effect: 0.02, 95 % CI 0.005-0.03, p = 0.001). Sleep disturbance, body mass, and inflammation may be independent, intermediate steps between childhood abuse and subsequent hypertension that may be amenable to biobehavioral interventions.
Introduction
Empirical evidence as well as folk wisdom link childhood abuse to illness in later life. We examined potential mechanisms that underlie the relations between childhood abuse and hypertension. Abuse during childhood unfortunately is quite common among male and female children and adolescents. One large population study of mid-life women found that almost two thirds reported either physical or sexual abuse during childhood (Riley et al., 2010) . A meta-analysis of the global prevalence of childhood sexual abuse ranged from 8 to 31 % among girls and 3 to 17 % among boys (Barth et al., 2013) . A meta-analysis on childhood physical abuse indicated 22.6 % report abuse worldwide (Stoltenborgh et al., 2013) .
Childhood abuse is predictive of maladaptive health behaviors and poor cardiovascular health outcomes, namely hypertension (Afifi et al., 2013; Ekeberg et al., 1990; Felitti et al., 1998; Springer et al., 2007) . Childhood abuse may be indirectly linked to hypertension through its robust associations with obesity, heightened immune system reactivity, and inflammation (Baumeister et al., 2015; Danese & Tan, 2014; Gouin et al., 2012; Matthews et al., 2014) . Obesity has been prospectively associated with increased levels of inflammation (Rawson et al., 2003) , and evidence suggests that inflammation serves as a mediator between obesity and cardiovascular outcomes (Wang & Nakayama, 2010) . Further, findings from recent studies indicate that childhood abuse and other early-life stressors may be linked to inflammation through obesity (Bertone-Johnson et al., 2012; Matthews et al., 2014; Raposa et al., 2014) . Increasing levels of pro-inflammatory factors such as interleukin-6 (IL-6) and C-reactive protein (CRP) are known to be involved in the full process of atherosclerosis that includes endothelial dysfunction and stiffening of the arteries (Kusche-Vihrog et al., 2011) . Both of these physiological outcomes are leading predictors of incident hypertension (Ras et al., 2013) . Thus far, the evidence points to chained linkages between childhood abuse and obesity followed by inflammation and incident hypertension.
Sleep disturbance may be a crucial, yet understudied mechanistic construct in the prediction of hypertension in the context of childhood abuse and the obesity-inflammatory pathway. Poor sleep is related to elevated levels of inflammation and circulating monocytes (Burgos et al., 2006; Floam et al., 2015; Irwin, 2015; Okun et al., 2009) and increased risk for hypertension (Fernandez-Mendoza et al., 2012; Meng et al., 2013) . However, inflammation has not been evaluated as a mediator between sleep disturbance and hypertension (Irwin, 2015) . Further, interpersonal distress and childhood abuse are associated with poor sleep quality (Gregory et al., 2006; Gunn et al., 2014) . One study found that poor sleep moderated the association between poor social relationships and levels of IL-6, such that individuals with the worst sleep and relationships had the highest levels of IL-6 (Friedman et al., 2005) . Despite these strong associations, no studies have incorporated sleep disturbance as a mediator into a model of childhood abuse in prediction of hypertension with the addition of body mass and inflammation as predictive factors. Sleep disturbance is highly treatable and offers a modifiable target for intervention.
The present study had three aims: (1) to examine whether sleep disturbance and body mass index (BMI) mediated the relation between child abuse and inflammation, (2) to probe whether inflammation mediated the relation between sleep disturbance and prevalent hypertension, and (3) to test a model of childhood abuse on prevalent hypertension during middle adulthood through the parallel mechanisms of sleep disturbance and BMI followed by inflammation (Fig. 1) . In this model, we hypothesized that greater BMI and higher levels of sleep disturbance and inflammation would significantly mediate the association between childhood abuse and hypertension in middle adulthood after controlling for relevant covariates that may confound the relations of the constructs with hypertension. This study is the first to test whether the biobehavioral links of body mass, sleep disturbance, and inflammatory processes constitute a mediational pathway by which child abuse is related to risk for hypertension.
Methods
From 2007 to 2012, 770 community-dwelling middle aged adults (40-65 years) representative of the middle-aged population in the Phoenix, Arizona metropolitan area were recruited to participate in a healthy aging study on physiological dysregulation and vulnerability to disease. All participants completed several questionnaires, including questionnaires on exposure to childhood abuse, sleep disturbance, medical history, current medication lists, and other information on sociodemographics and health behaviors. At a home health visit, participants underwent anthropometric measurement, and had blood drawn by a research phlebotomist to extract biomarkers of inflammation. For the present analysis, participants who refused the blood draw, or had missing or inadequate data were excluded from the analysis resulting in a sample size of 609 participants. A further 20 participants were excluded because data were missing for the primary study predictors and outcomes. Excluded participants did not differ from included participants in exposure to childhood abuse; however, excluded participants did report significantly higher levels on measures of sleep disturbance (except for sleep quality; described in ''Measures'' section) than included participants (p's \ 0.05). The final sample size was 589. Overall, the sample was fairly split between males and females (47.0 vs. 53.0 %, respectively), Fig. 1 Hypothesized mediational model between childhood abuse hypertension through sleep disturbance, body mass, and inflammation 53.6 years of age on average (SD = 7.2), and was evenly spread by education level (*25 % at each education level: high school or less, some college, college degree, graduate degree). All procedures performed involving human participants were in accordance with the ethical standards of the institutional research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.
Measures

Childhood abuse
Childhood abuse was measured with the Childhood Trauma Questionnaire (CTQ) that measures physical, emotional, and sexual abuse. The CTQ uses a five-point rating scale anchored from ''never true'' to ''very often true.'' Items for each type of abuse were summed to yield three subscale scores. Sample items include: ''people in my family hit me so hard that I left me with bruises or marks'' (physical abuse), ''people in my family said hurtful or insulting things to me'' (emotional abuse), and ''someone threatened to hurt me or tell lies about me unless I did something sexual with them'' (sexual abuse). The CTQ has demonstrated robust validity and reliability properties (Bernstein et al., 1994) . In the current sample, the internal consistency of the CTQ was 0.91. The internal consistency for the physical, emotional, and sexual abuse subscales were 0.88, 0.88, and 0.93, respectively.
Sleep disturbance
Sleep disturbance was measured using three instruments. Participants completed the sleep quality domain of the Pittsburgh Sleep Quality Index (Buysse et al., 1989) which is a single item that asks ''How would you rate your sleep quality overall?'' with response options of ''very good,'' ''fairly good,'' ''fairly bad,'' and ''very bad.'' They completed a modified version of the Insomnia Severity Index (Morin, 1993) to assess difficulty falling and staying asleep, waking too early, level of satisfaction with their current sleep pattern, and how much their sleep pattern interfered with their daily functioning (range = 0-24; Cronbach's a = 0.85). Lastly, they responded on a scale from ''not at all'' to ''very much'' to the item, ''in general, I feel well-rested when I get up in the morning.''
Pro-inflammatory markers
Participants underwent a blood draw to assess levels of IL-6 (pg/ml), CRP (mg/L) and fibrinogen (mg/dL) levels.
Blood samples were collected into Vacutainer tubes (Becton-Dickinson, Franklin Lakes, NJ) containing EDTA (IL-6, CRP) or sodium citrate (fibrinogen), held on ice, and centrifuged within 2 h of collection for 15 min at 1500g. Within two hours of collection of 10 ml of blood, the samples were centrifuged for 15 min at 1500g. Plasma was then aspirated, aliquoted, and frozen at -80°C until shipped for assay. All inflammatory marker values were determined by a Clinical Laboratory Improvement Amendments (CLIA) certified University of California at Los Angeles Medical Clinical Laboratory using standardized methodologies and reporting guidelines. Plasma levels of IL-6 were quantified using Quantikine High Sensitivity human IL-6 kits (R&D Systems, Inc., Minneapolis, MN), an enzyme-linked immunosorbent assay (ELISA) with an intra-assay coefficient of variation of 4 % and inter-assay coefficient of variation of 10 %. CRP was measured using the Dade Behring N High Sensitivity CRP turbidimetric immunoassay (Dade Behring Diagnostics, Marburg, Germany) on the BN ProSpec. Fibrinogen levels were determined by a commercial laboratory (Quest Diagnostics, Los Angeles, CA) through use of a clotting assay (Von Clauss, 1957) and reported in mg/dL.
Hypertension
The endpoint for analysis of the present study was prevalence of hypertension. Participants could meet criteria for hypertension in the following ways: (1) blood pressure assessment during the in-home visit; or (2) self-report of physician diagnosis of hypertension with objective verification. Blood pressure was assessed through use of an IBS Model SD-700A automated blood pressure monitor (IBS Corp, Waltham, MA) with a standard occluding cuff placed on the participant's non-dominant arm. Following five minutes of seated rest, blood pressure was assessed three times at two minute intervals. Hypertension was defined as either mean systolic blood pressure (average of three readings) of C140 mmHg, or mean diastolic blood pressure of C90 mmHg. Participant self-report of physician-diagnosed hypertension or high blood pressure was verified objectively with either documentation of hypertension medication use (i.e., the participant presented their medication to research staff at the in-home visit), or the participant's systolic or diastolic blood pressure was at prehypertension levels or above (i.e., systolic blood pressure: C120 mmHg; diastolic blood pressure: C80 mmHg).
Covariates
Participants provided information on sociodemographics (age, sex), highest level of education completed (high school degree or less; some college; college degree; graduate college degree), current smoking status (everyday, some days, not at all), alcohol use (never, monthly or less, 2-4 times per month, 2-3 times per week, 4+ times per week), physical activity as measured by the International Physical Activity Questionnaire (IPAQ; Craig et al., 2003) , body mass index (objectively-measured), anti-hypertension medication use (recorded at home health visit), and history of medical conditions. History of medical conditions was categorized as none, one, two, or 3 or more of the following set of conditions: coronary artery disease, congestive heart failure, myocardial infarction, cardiac arrhythmias, stroke, diabetes, and cancer. The M.I.N.I International Neuropsychiatric Interview was conducted by trained research team members with all participants to determine history of depression (Lecrubier et al., 1997) .
All variables were assessed for missing data. Missing data (\5 %) were handled with imputation. Differences between participants with and without reported hypertension were analyzed with one-way ANOVAs for continuous variables and Chi-square tests for categorical variables. Data distributions for IPAQ, BMI, CRP, IL-6, and fibrinogen were not normal, and natural logarithmic transformations were performed on each of these variables. Correlations between all the measured indicators were established. To test our hypotheses, we used structural equation modeling (SEM) to develop each of the models with AMOS (IBM Corp., SPSS, AMOS, version 22, Armonk, NY), using the maximum likelihood estimation procedure. We examined whether a latent variable reflecting childhood abuse was related to prevalence of hypertension, and whether these associations were mediated by latent variables reflecting current sleep disturbance and inflammation, and the observed variable of BMI. First, latent variables for childhood abuse, sleep disturbance, and inflammation were constructed by using observed scores described in each of the sections above dedicated to these constructs. Confirmatory factor analyses were performed to establish the measurement models of each of the latent variables. To identify these latent constructs, one indicator for each factor was set to 1.0. Next, we built and evaluated the structural models for study Aims 1-3. The final models that included hypertension as an outcome were tested while controlling for covariates (i.e., Aims 2 and 3). The models were constructed as simple mediation models followed by multiple mediation models using the ab product coefficient (indirect effect), where the a path refers to the relation between a predictor and a mediator and the b path refers to the relation between a mediator and an outcome (Preacher & Hayes, 2008) . Residuals were allowed to covary (Preacher & Hayes, 2008) . In the final model, the total, standardized indirect effect of all mediators was assessed using the bootstrapped bias-corrected percentile method.
Adequacy of model fit was determined using several fit indices, including the Chi-square test of model fit, comparative fit index (CFI), and the root mean square error of approximation (RMSEA). Scores of C0.90 on the CFI and scores \0.06 for RMSEA, were used as benchmarks to determine good model fit (Hu & Bentlerd, 1999) .
Results
Of the total sample (n = 589), 243 (41.3 %) had studydefined hypertension (i.e., blood pressure measurements meeting clinical level or self-reported, physician-diagnosed hypertension verified with current anti-hypertensive medication use or blood pressure levels meeting criteria for prehypertension or above). Of those, 152 (62.6 %) were currently taking antihypertensive medications. The remaining 91 participants not taking antihypertensive medications, average systolic blood pressure was 127.0 (SD = 14.5), and average diastolic blood pressure was 87.4 (SD = 7.7). In the total sample, 76 participants (12.9 %) were current smokers. On average, the total sample was overweight (BMI: Median = 27.6, IQR = 23.8 -31.9), and 19 participants (3.2 %) met diagnostic criteria for depression. The distribution of medical conditions was as follows: none, n = 170 (28.9 %); one, n = 173 (29.4 %), two, n = 123 (20.9 %); and three or more, n = 123 (20.9 %). Presence of some degree of childhood physical, emotional, and sexual abuse was experienced by 45.8, 77.6, and 24.6 % of the sample, respectively. Table 1 displays the sample characteristics by hypertension status. Participants with study-defined hypertension were more likely to be older, male, currently depressed, have less years of education, higher BMI, poorer sleep quality, greater insomnia severity, and heightened inflammatory biomarker levels.
In the first SEM analysis phase, we performed confirmatory factor analyses for each of the latent variables we constructed: childhood abuse, sleep disturbance, and inflammation. The factor loadings for each latent variable can be found in Table 2 . All indicators loaded onto their intended latent construct and were statistically significant (all p's \ 0.01). The measurement model also demonstrated good fit [v 2 (24) = 25.6, p = 0.37, CFI = 0.99, RMSEA = 0.01]. Table 3 displays the correlations among the scores of the latent factors, predictors, and covariates for the total sample. Correlations among the latent factor scores revealed that childhood abuse was, as expected, significantly related to sleep disturbance (r = 0.36, p \ 0.001), BMI (r = 0.10, p = 0.02), and inflammation (r = 0.19, p \ 0.001), inflammation was significantly related to sleep disturbance (r = 0.15, p \ 0.001) and BMI (r = 0.47, p \ 0.001), but sleep disturbance and BMI were not significantly related (r = 0.07, p = 0.10). Lastly, hypertension status was significantly related to childhood abuse (r = 0.11, p = 0.008), sleep disturbance (r = 0.14, p = 0.001), BMI (r = 0.25, p \ 0.001), and inflammation (r = 0.22, p \ 0.001).
For Aim 1, we hypothesized that sleep disturbance and BMI would independently and simultaneously mediate the relation between childhood abuse and inflammation. In separate models, sleep disturbance (standardized indirect effect: 0.05, 95 % CI 0.02, 0.08, p = 0.009), and BMI (indirect effect: 0.05, 95 % CI 0.003, 0.10, p = 0.04) were significant mediators of the relation. When both mediators were added to the model the indirect effect of both sleep Preacher and Hayes (2008) , the mediators were contrasted to determine whether one was significantly stronger than the other, and results indicated there was no significant difference (contrast indirect effect = -0.01, 95 % CI -0.06, 0.04). For Aim 2, we investigated whether inflammation mediated the association between sleep disturbance and hypertension status after controlling for age, sex, education, smoking status, alcohol use, physical activity, depression status, number of medical conditions, and antiinflammatory medication use. Inflammation significantly mediated the relation (standardized indirect effect: 0.04, 95 % CI 0.02, 0.07, p = 0.006).
For Aim 3, we tested a model of the association between childhood abuse and hypertension status through the parallel mediation of both sleep disturbance and BMI sequentially followed by inflammation. In the final, adjusted model, the Chi-square test was significant [v 
Discussion
The current study tested a multiple mediation model, linking childhood abuse, the mediators of sleep, body mass, and inflammation, and the outcome of hypertension status. The findings were consistent with a parallel and sequential mediation model of sleep disturbance and body mass followed by inflammation. Sleep disturbance, body mass, and inflammation were significant mediators of the relation between childhood abuse and prevalent hypertension in middle adulthood. Consistent with predictions and previous literature, body mass and sleep disturbance each independently mediated the association between childhood abuse and inflammation, and inflammation mediated the associations between sleep disturbance, body mass, and hypertension status. This mediation model was in accordance with previous literature that suggests that childhood abuse may simultaneously lead to abnormalities across multiple stress-sensitive biological systems including the sleep/ wake and metabolic systems, that endure into adulthood (Danese et al., 2009) .
Childhood is a vulnerable period for the development of the immune system. Acute and chronic stress due to childhood abuse may lead to immunological alterations that are detrimental to later health outcomes. Our results are consistent with previous findings of an association between childhood abuse and amplified, circulating levels of pro-inflammatory markers (Baumeister et al., 2015; Danese et al., 2009; Gouin et al., 2012) . The biological underpinnings that explain these associations may be found in childhood abuse leading to a pro-inflammatory immune phenotype (Gouin et al., 2012) through alterations in the sleep/wake and metabolic systems, which may be characterized by an excessive inflammatory response by monocytes and macrophages (Miller et al., 2011) , resistance to mechanisms that inhibit inflammation (Miller et al., 2011) , and alterations in neuroendocrine factors that promote production of pro-inflammatory markers (Fagundes et al., 2013) . All together this inflammatory stew may incite early development of detrimental hemodynamic changes (Kusche-Vihrog et al., 2011) . Future research should evaluate whether these pathways are related to hemodynamic changes among persons who report previous childhood abuse.
The present study is the first of its kind to evaluate sleep as a mediator in the relation between childhood abuse and hypertension in adulthood. Not only was it found to be a mediator in this relation but it was an upstream mediator to that of inflammation. There are many potential pathways that may link childhood abuse to greater risk for sleep disturbance in adulthood, we have elucidated and provided evidence for only one. One pathway is through mental health disturbances. Chronic sleep disturbance is a common response to stress and anxiety, and is highly prevalent in pediatric stress-related disorders. Another potential pathway is stress from childhood abuse may trigger psychophysiological hyperarousal that may lead to neuroendocrine abnormalities (e.g., heightened norepinephrine levels, over-activity of the amygdala, underactivity of the medial prefrontal cortex) that dysregulate the sleep/wake cycle [e.g. nightmares, sleep deprivation; (Germain et al., 2008) ]. Stress from childhood abuse may also lead to poor sleep behaviors as coping mechanisms that may preclude sleeping soundly such as sleeping at irregular times and locations to avoid victimization (Spilsbury, 2009) . In turn, a dysregulated sleep/wake cycle may lead to greater circulating levels of pro-inflammatory biomarkers that affect hemodynamics. Indeed, case-control studies have shown that diagnosed insomnia was related to blunted nocturnal blood pressure dipping (Lanfranchi et al., 2009) , impaired heart rate variability (Spiegelhalder et al., 2011) , constant cardiac sympathetic hyperactivation at night (de Zambotti et al., 2013) , and greater carotid intima media thickness (Nagai et al., 2013) . Thus, neuroendocrine dysregulation, poor sleep behaviors, and mental health disturbances in response to childhood abuse likely lead to persistent sleep disturbances, which in turn incite an inflammatory response that affects vasculature functioning and structure. Longitudinal studies in cohorts who have experienced childhood abuse should be implemented to determine the sequence and magnitude of changes in neuroendocrine functioning, mental health, sleep behaviors, inflammation, and hemodynamics in comparison to persons not exposed to childhood abuse. Activation of the stress system, mostly via heightened activity within the hypothalamic-pituitary-adrenal axis and the sympathetic nervous system, is the likely umbrella mediator that leads to nervous, immune, and endocrine/ metabolic changes and links the association between childhood abuse and subsequent hypertension. Activation of the stress system is intimately related to sleep disturbance (de Zambotti et al., 2013) as well as a cascade of pro-inflammatory cytokine release in response to perceived threat and stress. Hyperactivation of the stress system may lead to these alterations simultaneously which will dispose these children to greater risk for hypertension in adulthood (Danese et al., 2009) . However, childhood abuse may also exact a direct influence on early hemodynamics through activation of endothelial cells within the inner lining of the vessel wall. A recent study found that endothelin-1, a potent regulator of hemodynamics through vasoconstriction and pro-inflammatory activity, was elevated among adolescents and young adults who had adverse childhood experiences (Su et al., 2014) . Systematic investigation of the indirect as well as the direct relations between childhood abuse and hemodynamic changes are both promising avenues of future research.
The present study has several strengths including it draws from a community-dwelling sample consisting of middle-aged adults who are at the prime age to be at risk for hypertension. The study also used a range of measures that were used to answer the study aims with a sophisticated structural equation modeling approach. This study was also the first to assess three major potential mediators, sleep disturbance, body mass, and inflammation, in the relation between childhood abuse and hypertension.
There are several limitations within this study that are noteworthy. First, the study was cross-sectional and therefore causal inferences about the direction of the pathways cannot be made. Second, the circulating levels of the inflammatory biomarkers may not represent values present in vascular regions associated with hypertension. Third, sleep disturbance was estimated with self-report rather than objective assessment of sleep quality and architecture. However, the sophistication of the structural equation modeling as an approach was able to aggregate these data into a strong latent construct. Fourth, the ability to control for potential confounding by family history of hypertension was not possible. However, previous literature suggests that the physiological and health consequences of childhood abuse occur regardless of family history for disease (Danese et al., 2009) . Lastly, the generalizability of the results is somewhat limited by the high proportion of White participants and the study subsample was less likely to report sleep disturbances compared to the entire sample.
Sleep disturbance and body mass followed by elevated levels of pro-inflammatory markers appear to mediate the association between childhood abuse and hypertension in adulthood. Our findings suggest that multiple types of biobehavioral treatments including sleep, pharmaceutical, and lifestyle interventions may mitigate the cumulative effects of childhood abuse on the development of hypertension in adulthood. However, given the likely early development changes related to stress from childhood abuse, the most effective interventions would be psychosocial in nature with the family as the target population. Community-based interventions within communities most vulnerable to family conflict may have the most enduring effects on future health and quality of life for these children, and healthcare costs across the lifespan.
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